The genetic consequences of a severe bottleneck on genetic load in humans are widely 32 disputed. Based on exome sequencing of 18 Greenlandic Inuit we show that the Inuit have 33 undergone a severe ~20,000 yearlong bottleneck. This has led to a markedly more 34 extreme distribution of deleterious alleles than seen for any other human population. 35 Compared to populations with much larger population sizes, we see an overall reduction in 36 the number of variable sites, increased numbers of fixed sites, a lower heterozygosity, and 37 increased mean allele frequency as well as more homozygous deleterious genotypes. This 38 means, that the Inuit population is the perfect population to examine the effect of a 39 bottleneck on genetic load. Compared to the European, Asian and African populations, we 40 do not observe a difference in the overall number of derived alleles. In contrast, using 41 proxies for genetic load we find that selection has acted less efficiently in the Inuit, under a 42 recessive model. This fits with our simulations that predict a similar number of derived 43 alleles but a true higher genetic load for the Inuit regardless of the genetic model. Finally, 44 we find that the Inuit population has a great potential for mapping of disease-causing 45 variants that are rare in large populations. In fact, we show that these alleles are more 46 likely to be common, and thus easy to map, in the Inuit than in the Finnish and Latino 47 populations; populations considered highly valuable for mapping studies due to recent 48 bottleneck events. 49 50 51 52
Introduction
Genetic load approximating summary statistics the number of derived alleles: 220 We used two different proxies for genetic load based on counts of derived alleles: the total 221 number of derived alleles per individual, which has previously been used to quantify load 222 under an additive model 9 and the number of homozygous-derived genotypes per 223 individual, which can equivalently be used to quantify load under a recessive model.
225
The GERP score load: 226 We also used what we will denote GERP score load. To calculate this, we used the 227 GERP-based grouping of deleterious sites described above and translated the three non-228 neutral GERP score categories into values of selection coefficients as suggested by Henn 229 et al. 10 . Specifically, the extreme category was assigned s = 1×10 -2 , the large category 230 was assigned s = 4.5×10 -3 , while the moderate category was assigned s = 4.5×10 -4 . These 231 assignments were then used in the equation from Kimura 1 232 = 1 − = 1 − (1 − 2 (1 − ) ℎ − 2 ) 233 which is based on the underlying model where the fitness of each genotype is determined 234 as 1, 1-hs and 1-s for AA, Aa and aa, respectively. We used this equation assuming two 235 models each with an extreme level of dominance. In the first model h was set to 0.5, i.e. 236 we assumed alleles to act additively. In the other model h was set to 0, i.e. we assumed 237 deleterious alleles to be completely recessive. To estimate standard error for our GERP 238 score loads estimates we used a weighted uneven block jackknife, with block sizes of 5Mb 239 to correct for correlation among neighboring sites 26 . We calculated the nucleotide diversity for the variable sites,  var , for all the populations 243 included in the SFS comparison in Figure 2 . We used the following equation for our 244 calculations:
where x i is the proportion of sites in the ith category of the site frequency spectrum and n 246 the number of individuals included in the analysis. We calculated  var rather than  for all 247 sites, because it is not possible to calculate  for all sites from the 1000 genomes 248 genotype calls since there is not information for the invariables sites. 
Results

288
Inference of demography and SFS: 289 First we inferred population size of the GI population over time from exome data for 18 GI 290 using the stairway plot method 25 . The results suggest that the GI population experienced 291 a marked decrease in size some 22-24 Kya (Figure 1 ), remained small for more than 292 20,000 year and only recently started to increase in size. We note that there is a Figure S8 ). Because the SFS is affected 298 by demographic history 28, 29 , this comparison should reveal the extent to which the recent very long bottleneck has made the GI more extreme than other OOA populations. These 300 comparisons show that the SFS for the GI population is flatter than for all the other 301 examined populations, which is also reflected in markedly higher nucleotide diversity for 302 the variable sites ( var ), which is inversely correlated with  for all sites. Thus compared to 303 other populations, the GI population has had both a larger depletion of rare variants, as 304 well as a higher increase in allele frequencies for remaining variants. Hence the GI 305 population shows evidence for having undergone a more extreme population bottleneck 306 than the other populations, which means that analyses of this population are likely to be Table S2 , Figure S1 and Figure S2 ). When doing so we reached the same conclusions for 372 both populations with one exception: when comparing GI and CHB, the ratio of 373 homozygous-derived genotype counts is indeed higher in sites with large deleterious 374 effects, i.e. GERP scores above 4, compared to neutral sites, but not significantly so 375 ( Figure S1 ). However, for YRI this difference is significant (asterisk in Figure S2 ).
377
Comparison of genetic load based on simulations:
378
To investigate these results further, and try to assess what can be concluded from them,
379
we performed simulations of GI and CHB populations using the demographic history of 380 these two populations inferred in Fumagalli et al. 16 We performed the simulations of 12 381 different selection scenarios that varied both in the effect model used, i.e. h, and the 382 selection coefficients, s, that reflect how deleterious the alleles are. Based on the 383 simulated data we calculated the ratio of the number of derived alleles between the two 384 populations and this ratio was not significantly different from 1 in any of the scenarios 385 (Table S6) . 386 We also counted the number of homozygous derived genotypes and, as expected,
387
we observed a significantly higher number GI than in CHB ( Figure S8-9 ). The increase is 388 about 19% even without selection (Table S6) .
389
Finally, we calculated the true load based on the true effect model and the true 390 selection coefficient for each site. Interestingly the ratio of this true load in GI and CHB is 391 significantly higher than 1 in all scenarios, indicating a higher load in GI than in CHB. This 392 difference decreases as h increases, however, importantly, even in the scenarios where 393 additive selection (h=0.5) was simulated, the ratio of loads were all significantly above 1, 394 with the increase varying from 1 to 4% ( Figure S9 and Table S6 ) depending on the strength of selection simulated. The highest load difference was observed for the scenario 396 with s=0.002.
397
These results are interesting because they suggest that load statistics, like the 398 number of derived alleles, will not necessarily reveal if there is a difference in load 399 between two populations. Thus the results suggest that the fact that GI do not have higher 400 additive load statistic than CEU in our data cannot necessarily be used to conclude that 401 there is no difference in load even if all alleles have an additive effect. For the same 402 reason, it cannot necessarily be used to conclude that selection has not been acting less 403 efficiently in the GI.
405
Effectiveness of selection: 406 To investigate to what extent the long recent bottleneck in GI has affected the 407 effectiveness of selection, we looked at two other summary statistics, which have both suspect that the genetic load, and thus disease risk, will be very different in Greenland.
586
Because fewer variants are involved, the variance of the prevalence of the trait will be 587 much greater. This means that such diseases will likely either entirely absent from the 588 population or be more prevalent. The SI frameshift variations effect on sucrase-isomaltase 589 deficiency is an example of the latter. SI deficiency is a very rare disorder in large 590 populations, but is estimated to affect 5-10% of individuals in Greenland 37,38 . This is 591 presumably solely due to a single SI frameshift variant, which we find in a homozygous 592 state in 3 of the individuals among the 9 GI trios (Table S5 ).
593
Res. 20, 301-310. 769 We used 11 randomly sampled individuals from each population to infer the site frequency 770 spectrum and excluded fixed categories. The GI population has fewer sites in the singleton 771 category, but more in the remaining more "common" categories. Each population is 772 followed by a  var estimate per variable site. GERP scores converted to selection coefficients using the approach from Boyko et al. 6 . 782 We note that if the selection coefficients from Henn et al. 5 are used instead, we see For alleles in different frequency categories in Europeans (x-axis) the points show how 805 much more likely the alleles are to be common in GI than in Finns (y-axis). 
